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(54) Consensus phytases 

(57) The present invention ts directed to a process 
for the preparation of a consensus protein specifically a 



phytase consensus protein, the consensus protein ob- 
tainable or obtained by such process and specific con- 
sensus protein mutants 



CM 
< 

in 
oo 

r- 

CO 

© 

Q. 
LU 



PmoHkJ bv Jo*;*- 75O0J 3 A=»IS (FR, 



BNSDOCtO <£P 069799SA2 _t_> 



EP 0 897 985 A2 



Description 

[0001] Phytases (myoinositol hexak sphospnate phosphohydrolnses EC 3 136) are en/yfnes th^t hydroly/o 
phytate ( mvo- inoswo\ hcxakisphosphate) to myoinositol and inorganic phosphate and are known tc be valuable feec 
5 additives 

[0O02] A phytasc was first described in rice bran in 1 907 (Su/uki et a! Bull Coll AgrTokioImp Univ 7 495(1907)] 
and phytases from Aspergillus species in 1911 ICox and Golden J Biol Chem JO. 1 33-186 (191 1 )) Phytases have 
also been found in wheat bran plant seeds animal intestines and in microorganisms [Howsen and Davis En/yme 
Microb Techno! 5 377-382(1983) Lambrochts et ai Biotecn Lett J_4 61-66(1992) Shieh and Ware Appl Microbiol 
W IS 1348-1351 (1968)] 

[0003] The cloning and expression of the phytase from Aspergillus nigor ificuum) has been described by Van Hart- 
mgsveldt et a! in Gene 127 87-94 (1993) and in European Patent Application, Publication No (EP) 420 358 and 
from Aspergillus niger var awamori oy Piddington et al in Gene 1 33 55-62 (1993) 

[0004] Cloning expression and purification of phytases with improved properties have been disclosed in EP 684 
'5 31 3 However since there is a still ongoing need for further improved phytases especially with respect to their ther- 
mostability, it is an object of the present invention to provide the following process which is however not only applicable 
to phytases 

[0005] A process for the preparation of a consensus protein whereby such process is characterized by the following 
steps 

20 

a) at least three preferably four ammo acid sequences of a defined protein family are aligned by any standard 
alignment program known in the art 

b) amino acids at the same position according to such alignment are compared regarding their evolutionary sim- 
25 ilanty by any standard program known in the art. whereas the degree of similarity provided by such a program 

which defines the least similarity of the amino acids that is used for the determination of an ammo acid of corre- 
sponding positions is set to a less stringent number and the parameters are set in such a way that it is possible 
for the program to determine from only 2 identical amino acids at a corresponding position an ammo acid for the 
consensus protein, however, if among the compared ammo acid sequences are sequences that show a much 
30 higher degree of similarity to each other than to the residual sequences, these sequences are represented by their 

consensus sequence determined as defined in the same way as in the present process for the consensus sequence 
of the consensus protein or a vote weight of 1 divided by the number of such sequences is assigned to every of 
those sequences 

35 c) in case no common amino acid at a defined position can be identified by the program any of the amino acids 

of all sequences used for the comparison preferably the most frequent aminoacid of all such sequences is selected 
or an amino acid is selected on the basis of the consideration given in Example 2 

d) once the consensus sequence has been defined, such sequence is back-translated into a DNA sequence, 
40 preferably using a codon frequency table of the organism in which expression should take place; 

e) the DNA sequence is synthesized by methods known in the art and used either integrated into a suitable ex- 
pression vector or by itself to transform an appropriate host cell 

45 f) the transformed host cell is grown under suitable culture conditions and the consensus protein is isolated from 

the host cell or its culture medium by methods known in the art 

[0006] In a preferred embodiment of this process step b) can also be defined as follows 

so b) amino acids at the same position according to such an alignment are compared regarding their evolutionary 

similarity by any standard program known inthe art. whereas the degree of similarity provided by such program is 
set at the lowest possible value and the amino acid which is the most similar for at least half of the sequences 
used for the comparison is selected for the corresponding position in the ammo acid sequence of the consensus 
protein 

55 

[0007] A preferred embodiment of this whole process can be seen in a process in which a sequence is choosen from 
a number of highly homologous sequences and only those amino acid residues are replaced which clearly differ from 
a consensus sequence of this protein family calculated under moderately stringent conditions, while at all positions of 
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_ ™, „hiP to deloim.no an nm.no acd under moderately slr.ngenl conditions the 
the alignment where the method is not able lo deiorm.no an , 

rfimno acids of the pieie.ied sequence ate taken nroress wherein the program used lor 

[0008] It ,s .urthermore an ob,ec, o( the piesen, invention to ^'^/"^^^^^e pro P gra ^ "PRETTY" 
ho comparison o. ammo ac^s a, a defined position regarding ^ prote ,n family 

II is more specifically an ob,ec. of the present .nven.ion to provide such a proces. where 

■ s the family o, phytases. especially whore.n the phytases are of fungal ong,n ^ ^ 

[0009] I. is furthermore an ob,ec, of the present invention to provide su h ncoM 
eukaryotc especially funga, preferably Aspergillus or yea I pre-erab ^Saccha o ^ 

[0010] It ,s also an ob,ec« of the present invention to P^^V^Tfho ar^.no ac.ci sequence shown ,n F.gure 2 or a 
such processes and specf.caHy the consensus prote.n wh.ch h ^ ^^J^^ w„h ammoacdsequence 
vanan. thereof A -vananf refers ,n the context of the present ^^^^^ or replaced by one o, more 
shewn ,n F,gure 2 whenn a, one o, more positions am.no ^^^^^^^ basic property „<e 
Cher ammo adds w„h the prov.sor that the resulting (p H-s,ab,„ty) have no. 

enzymatic activity (type of and specie activity) th -™^^ 

ITZ^elZll colxt o, the present mvent.on to replacements o, the am,no acd ,n the am.no acd sequences 

£t p s^-S^ 

the ammo acid O has been replaced by am.no acid L r „ mnri =ino a consensus protein as defined above is 

[0011] In addition, a food, feed or pharmaceutical composit.on compns.ng a consensus p o 

also an ob|ect of the present invention „ n||pnres of such de fined protein family" means 

[0012] in this context "at least three preferably three *™°J%s£ U ^*™ C ** menX ^ the comparison to 
that three, four five, six to 12, 20. 50 or even ^^^^^ a ^l^^ tarn,*" means that such 
create the amino acd sequence of the consensus ^J^^^Z p-sheets and-turns are at the same 
sequences fold into a three d.mens.onal structure, "herein the < -hehxes the P s Further more these se- 

position so that such structures are. as called by the man sMIed ,n the ^ 6 en c|ass e the 

quences characterize proteins which show the same type o ^logical ac ^f^^, to allow the 

phytases As Known .n the art, the three <*™^j£?£« ^xtm e h Tw t h,s can be effected, ,s 9 ,ven ,n 
modelling of the structure of the other sequences of such a farnrty An exa p . re)ers ^ 

.he Reference Example o, the present case "^I *s that one am.no acd can be 

a schema which classifies amino acids regard.ng their structural sim la r y ■ w program s. like 

replaced by another amino acd with a minimal influence on the overall str .^"^ as ^^ e ° 9 set ZJ S stringent 
"PRETTY" known .n the art The phrase "the degree of ^^^^^^^ <i ^ miM the degree of 
number" means ,n the context of the present invent™ that values ^J^^^J^^ tne program to define 
s,m,.ar„y in the prgram used ,n the practice o, the ^^^^^J^ Tg 7n case of the program 
a common amino acd for a maximum of positions of ^^^^J^^^ ° e chooS en. Furthermore, 

devided by a number of all sequences of this group frequent amino acid 

As mentioned before should the program . no, a.. o, , to se ^ w 7 f e ^T'an a^no acd from all the sequences 



50 



e g by 



Janecek. S (1993). Process Biochem 28. 435-445 or 
Fersht A R & Serrano, L (1993) Curr Opin Struct Biol 3 75-83 
Alber T (1989), Annu Rev Biochem 58, 765-798 or 
Matthews. B W (1987), Biochemistry 26. 6885-6888 
55 Matthews B W (1991). Curr Opm Struct Biol 1. 17-21 
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(van den 8 _j i lj et a- 1 9 Q 6 i or ir rational appr oac* ii:b lAk-muma ,.'/ 1996) The lorcob mfluencriq the Ihermoslabil ty 
ul a pruteir ,:(.? t ' to ^ame a^ th<^e that are m ;t>p«~n ^ ib U; lu) the p- ; • •( k.-ldmq ot a peptide trliand \ I lydr oph jbn. iclei 
notions van Jer Waals interactions P-bondb salt bridges conf* :>i m, itiona strain (, Matthews l^'^S'i Furthermore .1- 
shewn by Matthews of -il I 1 c 07'j the free -:noi qy c( the unto dec state has also an mfi jencc on (he stability ot a pioto r- 

^ Enhancing ot protein stability mc^ns to increase I ho number and :t'enqth of "avorable interactions and :o decien.v: 
the number and strength o' unfavorable interact ens It nas been possible to introduce disulfide linkages ( Saucr ct a/ 
1986) to replace glycine with alanine residues or to increase the proline content in order to -educe the free energy of 
the unfolded state (Margar t ct at . 1992 Matthews 1<^£7a) Other groups concentrated on the importance of addition a 
H-bonds or salt bridges for the stability of a protetn (Bibber ot al or tried ;o fill cavities m the p'ote n interior to 

10 increase the bunco hydrophobic surface nron ard the van dot Wanls interactions . Karpnsas of a/ 1 ( ^9) Furthermore 
the stabilization of secondary structure elements- especially ^-helices for example by improved hel x capping was 
also investigated (Muno/ & Serrano '995) 

[0014] However there is no fast and promising strategy to identify inmc acid replacements which will increase the 
stability preferably the thermal stability of a protein Commonly the 3D str ucture of a protein is recuired to find locations 

'5 m the molecule where an amino acid replacement possibly will stabil /e the protein's folded state Alternative ways to 
circumvent this problem are either to search for a homo'oqous protein in a thermo- or hyperthermophile organism or 
to detect stability-increasing ammo ac:d replacements by a random mutagenesis approach This latter possibility sue - 
ceeds in only 10 3 to 1 0 4 mutations and is restricted to enzymes for which a fast screening procedure is available (Araso 
ct al . 1993 Risse et at , 1992) For all these approaches success was variable and unpredictable arid if successful 

20 the thermostability enhancements nearly always were rather small 

[0015] Here we present an alternative way tc improve the thermostability of a protetn Imanaka et al (1986) were 
among the first to use the comparisons of homologous proteins to enhance the stability of a protein They used a 
comparison of proteases from thermophilic with homologous ones of mesophihc organisms to enhance the stability of 
a mesophihc protease Serrano et al (1993) used the comparison of the amino acid sequences of two homologous 

2S mesophihc RNases to construct a more thermostable Rnase They mutated individually all of the residues that differ 
between the two and combined the mutations that increase the stability in a multiple mutant Pantoliano et at (1989) 
and in particular Stetpe et al ( 1 994) suggested 'hat the most frequent amino ac id at every position of an alignment 
of homologous pro'ems contribute to the largest amount to the stability of a protein Steipe ct al ( 1 994) proved this for 
a variable domain of an immunoglobulin whereas Panlohano eta! (1 989) looked for positions in the primary sequence 
of subtilisin in which the sequence of the en/yme chesen tc- be improved for higher stability was singularly divergent 
Their approach resulted in the replacement M50F which increased the T m of subtiltsin by 1 8 °C 

[0016] Steipe et a! (1994) proved on a variable domain of immunoglobulin that it ts possible to predict a stabilizing 
mutation with better than 50% success rale just by using a statistical method which determines the most frequent 
amino acid residue at a certain position of this domain It was also suggested that this method would provide useful 
3S results not only for stabilization of varable domains of antibodies but also for domains of other proteins However it 
was never mentioned that this method could be extended to the entire protein Furthermore, nothing is said about the 
program which was used to calculate the frequency of ammo acid residues at a distinct position or whether scoring 
matrices were used as in the present case 

[001 7] tt is therefore an object of the present invention to provide a process for the preparation of a consensus protein 

-to comprising a process to calculate an amino acid residue for nearly all positions of a so-called consensus protein and 
to synthesize a complete gene from this sequence that could be expressed in a pro- or eukaryotic expression system 
[0018] DNA sequences of the present invention can be constructed starting from genomic or cDNA sequences coding 
for proteins e q phytases known in the state of the art [for sequence information see references mentioned above e 
g EP 684 313 or sequence data bases for example like Genbank (Intelligenetics California USA) European Bioin- 

^5 formatics Institute (Hmston Hall Cambridge GBi NBRF (Georgetown University Medical Centre Washington DC 
USA) and Vecbase (University of Wisconsin Biotechnology Centre Madison Wisconsin USA) or disclosed in the 
figures by methods of in vitro mutagenesis (see e g Sambrook ct al Molecular Cloning Cold Spring Harbor Laboratory 
Press New York] A widely used strategy for such "site directed mutagenesis" as originally outlined by Hurchtnson 
andEdgelllJ Virol 8 161 ■ 1 971 )] involves the annea-mg of a synthetic oligonucleotide carry, ng the desired nucleotide 

50 substitution to a target region of a single-stranded DNA sequence wherein the mutation should be introduced [for review 
see Smith Annu Rev Genet J_9_ 423 (1985) and for improvec methods see references 2-6 in Stanssen et al Nu~l 
Acid Res V7_ 4441-4454 (1989)] Another possibility of mjtat ng a given DNA sequence which is also preferred for 
the practice of the present invention is :he mutagenesis by using the polymerase chain reaction (PCR) DNA as starting 
material can be isolated by methods known in the art and described e g in Sambrook et al (Molecular Cioning) from, 

55 the respective strains For strain information see e g EP 684 313 or any depository authority indicated below As- 
pergillus niger[ATCC 9142) Myceliophthora the r mophila |ATCC 48102] Taiaromyces thermophilus | ATCC 20l86]and 
AspergMlus fumigatus (ATCC 3462b] have been redeposited acsordirg to the conditions of the Budapest Treaty at the 
American Type Culture Cell Collection under the following accession numbers ATCC 74337 ATCC 74340 ATCC 
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7433c nncJ A T CC /4339 respectively t ts however understood UmI CNA encoding a consensus jroieri in Hccofdnnco 
with [he prc-bOf it r ive- Ukjm < ,1 ; h i be p i op.i i ed ir i 1 ^yi itf u.' U .. m-mr i.j i a* deb... .i iOed eg mEF /4/4~3ur U e exa- i iple- 
by methods Known in (he art 

[0019] Once complete ON A sequences ol the present invention have been obtained they cm be integrated irtc 
5 vectors by methods hnown m the .irt -mJ described e q in Sambr cok et a is a ) to overo> press the encoded polypeptide 
in appropriate hoot systems Howovct a man skilled in the .irt hnows that .il-3C the DMA sequences themselves cm 
bo used to transform the suitable host systems of the invention to gel over expr osstcn of the encoded polypeptide 
Appropriate host sys'ems are for example fungi like Aspergilli o q Asoorqillus moor [ ATT C 91 42|or AsoergiHus ficuum 
|NRRL 3i35] or like fr chodormn e g Tnchodc ma reesei cv yeasts like Saccnaromyces e g Saccharomyccs cere 
to visiao or Pichia like Pichia pastor is or Hansonu!,i polyrr or pha eg H polymm pha ( OS VIS? 1 5 ) or plants asdesrnbed 
e q by Pen et a I R.o Technology 11 811-614 ( 1 Q 94) A man skilled in (he art knows that such microorganisms arc 
available from depository authorities eg the American Type Culture Collection (ATCC) the Centraalbureau voor 
Schimmelcui'.ures «C BS) or the Deutsche Samrnlung lur Mikroorqmtsmen jnd ZcllK ult ji en GmbH (DSM) or any other 
depository authority as listed in the Journal "Industna 1 Property" ((1991) J_ pages 29-40] Bacteria which can be usee 
'5 are eg E coh Baolhas cq Bacillus subtilis or Strep:omyccs Slreptomyces hvidans see e g Anne and Mallaert 
in FEMS Microbiol Letters 114 121 (1993) E coli which could be used are E coli K 1 2 strains e g Ml 5 [described 
as DZ 291 by Villarojo et al in J Bacteriol V20_ 466-474 (1974)| HB 101 [ATCC No 33694) or E coli SG13009 
[Gottesman el al J Bactenol J48 265-273(1981)] 

[0020] Vectors which can be used for expression in fungi are known in the art and described eg in EP 420 358 or 

20 by Cullen et al [BicV Technology 5 369-376 (1967)] or Ward m Molecular industrial Mycology Systems and Applications 
for Filamentous Fungi Marcel DeKker New York (1991 ) Upshall et al [Bio/Technology 5_ 1301-1304 (1987)] Gwynne 
et al [Bio/Technology 5_ 71-79 (1987)] Punt et al [J Biotechnol J7 1 9-34 ( 1 991 )] and tor yeast by Sreeknshna et al 
[J Basic Microbiol 28 265-278 (1988). Biochemistry 28_ 4117-4125 (1989)] Hitzemann et al [Nature 293 717-722 
{1981 )] or in EP 183 070 EP 183 071 EP 248 227 EP 263 311 Suitable vectors which can be used for expression 

25 m E coh are mentioned e g by Sambrook et al [s a | or by Fiers et al tn Procd 8th int. Biotechnology Symposium" 
[Soc Franc de Microbiol Pans (Durand et al eds ) pp 680-69/ (1 988)] or by Bujard et al in Methods in En/ymology 
eds Wu and Grossmann Academic Press inc Vol 155 416-433 (1987) and Stuber et al in Immunological Methods 
eds Lefkovits and Perms Academic Press Inc Vol IV 1 21 - 1 52 ( 1 990) Vectors which could be used for expression 
in Bacih are known in the art and described e g in EP 405 370 Procd Natl Acad Sci USA £M 439 (1 984) by Yansura 

30 and Hcnner Meth En/ymol 185. 199-228 (1990) or EP 207 459 Vectors which can be used for the expression in H 
Polymorpha are known in the art and described eg in Gellissen et al Biotechnology 9 291-295 (1991) 
[0021] Either such vectors already carry regulatory elements e g promotors or the DNA sequences of the present 
invention can be engineered to contain such elements Suitable oromotor elements which can be used are known in 
the art and are. e g for Tnchoderma reesei the cbhl - [Haarki et al Biotechnology 7, 596-600 (1989)] or the pkd -pro- 

3S motor [Schmdler et al Gene 1 30 271-275 ( 1 993)]. for Aspergillus oryzae the amy-promotor (Christensen et al Abstr 
19th Lunteren Lectures on Molecular Genetics F23 (1987) Chnstensen et al Biotechnology 6 1419-1422 (1988) 
Tada et al Mol Gen Genet 229 301 (1991 )] for Aspergillus mger the glaA- [Cullen et al BioCTechnology 5 369-376 
(1987) Gwynne et al Bio/Technology 5. 7 1 3-71 9 ( 1 987) Ward m Molecular Industrial Mycology Systems and Appli- 
cations for Filamentous Fungi Marcel Dekker. New York 83-106 (1991)]. alcA- [Gwynne et al , Bio/Technology 5 

40 716-719 (1987)|. sud- [Boddyetal Curr Genet 24, 60-66 (1 993)], aphA- (MacRae et al.. Gene 7V 339-348 ( 1 988). 
MacRaeetal Gene JJ32 1 93-1 98 ( 1 993)] tpiA-[McKmght et al .Cell 46. 143-147 (1986) Upshall et al.. Bio/Technology 
5 1301-1304 (1987)] gpdA- (Punt et al Gene 6<T 49-57 ( 1 988) Punt et al J Biotechnol V7 1 9-37 (1 991 )] and the 
pkiA-promotor [de Graaff et al Curr Genet 22 21-27 (1992)] Suitable promotor elements which could be used for 
expression in yeast are known in the art and are e g the pho5-promotor [Vogel et al Mol Cell Biol.. 2050-2057 

45 (1989) Rudolf and Hmnen Proc Natl Acad Sci 84 1340-1344 (1987)] or the gap-promotor for expression m Sac- 
charomyces cerevisiae and for Pichia pastons eg the aox 1 -promotor [Kout/ et al Yeast 5 1 67-1 77 ( 1 989) Sreeknsh- 
na et al J Basic Microbiol 28 265-278(1988)] or the FMD promoter (Hollenberg et al EPA No 02991 08] or MOX- 
promotor [Ledebocr et at Nucleic Acids Res T3 3063-3062 ( 1 965)] for H polymorpha 

[0022] Accordingly vectors comprising DNA sequences of the present invention preferably for the expression of said 
so DNA sequences in bacteria or a fungal or a yeast host and such transformed bacteria or fungal or yeast hosts are also 
an object of the present invention 

[0023] It ts also an object of the present invention to provide a system which allows for high expression of proteins 
preferably phytases like the consensus phytase of the present invention in Hansenula characterized therein that the 
codons of the encoding DNA sequence of such a protein have seen selected on the basis of a codon freouency table 
55 of the organism used for expression eg yeast as >n the present case (see e g in Example 3) and optionally the codons 
for the signal sequence have been selected in a manner as described for the specific case in Example 3 That means 
that a codon freguency table is prepared on the basis of the codons usee in the DNA sequences which encode the 
ammo actd sequences of the defined protein family Then the codons for the design of the DNA sequence of the signal 
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scguorl co .,0 soicec „om a cocon Uoqucncy -ab.e o. Mom ,C. use. to, oxp,, S ,on whereby a.ways colons o. 
compilable l,equen,;y ,n both tables a,e used med( jm (h(j cn;odec 

[0024] Once such DMA sequences have been -P-^ - * o mcdlum o, Worn .no bos! 

p,o:e.n can be .scM.cd eithe, from .he medium ,n .ho ase ^ P- ; so - c ° d „ t , c , lt , on ord03=I , b0 c 

0( q„n,sm ,n esc ,uen P--,— ^ J ^.^0 p.l; o. h poU^c o, .he prcsen, 
,n case ol a phy.ase c g .n EF 420 35* Accc.cngly . P - bod abovo 1£ Cljlturod undor sulla ble culture 

invention cl^racten.-ed., ha, t.ans.ormedb^ such ^ ss Qr h 

conditions and the polypeptide ,s recovered thorofrom *d h polypepl de w j- y , rvonllon 

po.ypep.Kic encoded by a DNA sequence o- the prcsen, ,nv ^ a,c^ .so .n * - ° ^ wh| ,,_ 
[00251 Onceobta,nedlhe P olyp C pt 1 dosol.hop r osonl 1 hvOMl,on ( an. 1 e<nara,.en/-d o _ 9 I I 

Lelhem use.u, m aoncu.lure any assay Known , ; .h o a., ^^e, * ^ . ^ N. ,,,^25 

Assess 



phytate conta.ned ,n the feedstuff to .nos.to, and .norgan, phosphate enclosed F , gufes 

[0029] Before describing the present invention m more detail a short expianauo 

ToliT "SLl V«e o, « »n,n» acd S ec, u „„== S o, lu „ga, The >«. «hows me vo.e 

were compared by the program GAP (GCG program package 9 Deve '™* °<* f (see legend to Figure 

am.no acid identities and sim.larit.es respectively ^ nc „ nA ,, q ohvtase to the phylases used for its 

triplets are highlighted in bold letters nhv , t> op an d of the ohytases from A fumi- 

f00341 Table 5 Temperature optimum and T m -value ol lungal consensus phytic and ol the pnyi .s 
^IsA^Ta nJul.ns.an6M thermophria The temperature opt.ma were taken from F.gure 3 -The ^-values 
Si deteTned by differentia, scanning calonmetry as described ,n Example ,0 and shown ^ 7 
[0035] Raure 1 Calculation ot the consensus phytase sequence from the .Lg ™n o nearly a J 
phytaie aT^aod sequences The letters represent .he am.nc .aa 'XuZZ^T ^w lZo acd 
seUces were used for the ^^^^T^ ^ £ 27 ^ ^ Aspens var 
(aa) 27) phyA from 4spcrpr//us terreuscbsl 16 46 (van l_ 3 on el ^ Asperg.llus 
a „<P,dd,nn,on era/. 1993 ,om aa 27) rom .spe^ i'^I^^s ATcJ 13073 

mqer strain NRRL31 35 (van Harlmgsveldt et al 19Q3 from aa . 7) phyA tro p g ^ 
(Pasamontes e, 1,97b Irom aa 25) Irom ^ « 7,^0^27 ^ from .sp^s 
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a< 1Q Q 7 lioni nn '9) The alignment was calcu a^ed using ;he orpgram PlLEUP The location of the gaps was rel mec 
by hand Capitalized ammo -icic hjbiduub u the alignment at a ^ivofi portion belong to the ammo ie id coalition that 
establish the consensus fostduo 'n bold beneath the calculated consensus sequence the arrmoaod sequence ot 
the finally cons tfuc ted funqal consensus phytase (Fcp) is shown The gaps m the calcua'ed ; onsen sus sequence 

^ were tilled by hand accordmq to p-mcipals stated in Example 2 

[0036] Figure 2 ON A sequence of the fungal consensus phytase qcne [fcp) and of the primer s synthesized for gene 
construction The calculated ammo acid sequence (Fgure 1 ) was converted into a DNA sequence us^ng the program 
BACH. TRANSLATE (Devc-eux ct al . 1984) and the codor frequency tab e o' highly expressed yeast genes (GCG 
program package Q 0) The signal peot do of the phytase t*om A to./cuscbs was fused to the N -terminus The bold 

to bases represent the snqtioncos of the oligonucleotides used to gonoiate the gene The names of the respective oli- 
gonucleotides are noted aoove or below the sequence The underlined bases represent 'he Starr and slop codon ot 
the gone The bases written in italics show the Iwo introduced Ecc Rl sites 

[0037] Figure 3 Temperature optimum of fungal consensus phytase anc other phytases usee to calculate the con- 
sensus sequence For the determination of the temperature optimum the phytase standarc assay was performed at 
'5 a series of temperatures between 37 and 65 °C The phytases usea were puritied according to Example 5 V funqal 
consensus phytase ▼ A fumtgatus 1 3073 phvtase LJ A nigcr NRRL3135 phytase O A ntdulans phytase ■ A 
teneus 9A-1 phytase • A terreus cbs phytase 

[0038] Figure 4 The pH-dependent activity profile of (ungal consensus pnytase and of the mutant Q50L Q50T and 
Q50G The phytase activity was determined using the standard assay m appropriate buflers (see Example 9) at different 
20 pH-values Plot a) shows a comparison of funqal consensus phytase (•) to the mutants Q50L (v) Q50T (▼), and 
Q50G (O) in percent activty Plot b) shows a comparison of fungal consensus phytase (O) to mutant Q50L (•) and 
Q50T (V) using the specific activity of the purified enzymes expressed in H polymorphs 

[0039] Figure 5 The pH-dependent activity profile of the mutants Q50L Y51N and Q50T Y51N in comparison to 
the mutants Q50T and Q50L of fungal consensus phytase The phytase activity was determined using the standard 

25 assay in appropriate buffers (see Example 9) at different pH-values Graph a) shows the influence of the mutation 
Y51N (•) on mutant Q50L (G) Graph b) shows the influence of the same mutation (•) on mutant Q50T (O) 
[0040] Figure 6 Substra'.e specificity of fungal consensus phytase and its mutants Q50L Q50T and Q50G The bars 
represent the relative activity in comparison to the activity with nhytic acid i 100%) with a variety of known natural and 
synthetic phosphorylated compounds 

30 [0041] Figure 7 Differential scanning calonmetry (DSC) of 'unga. consensus phytase and its mutant Q50T The 
protein samples were concentrated to ca 50-60 mg/ml and extensively dialy/ed against 10 mM sodium acetate. pH 
5 0 A constant heating rate of 10 °C/mm was applied up to 90 °C DSC of consensus phytase Q50T (upper graph) 
yielded in a melting temperature of 78 9 °C which is nearly identical to the melting point of fungal consensus phytase 
(78 1 °C lower graph) 

35 

Examples 

Reference Example 

40 Homology Modeling of A fumtgatus and A terreus cbs! 16.46 phytase 

[0042] The amino acid sequences of A fumtgatus and A terreus cbs11o 46 phytase were compared with the se- 
quence of A n/gerNRRL 31 35 phytase (see Figure 1 ) for which the three-dimensional structure had been determined 
by X-ray crystallography 

45 [0043] A multiple ammo acid sequence alignment ofA ntgerNRRL 31 35 phytase A fumiga ius phytase and A terreus 
cbs116 46 phytase was calculated with the program "PILEUP" (Prog Menu for the Wisconsin Package version 8 
September 1 994 Genetics Computer Group 575 Science Drive Madison Wisconcm USA 53711 ) The three-dimen- 
sional models of A fumtgatus phytase and A terreus cos1 1 6 46 phytase were built by using the structure of A ntger 
NRRL 3135 phytase as template and exchanging the ammo acids of A ntger NRRL 3135 phytase according to the 

50 sequence alignment to amino acids of A fumtgatus an6 A terreus cbs 1 1 6 46 phytases respectively Model construction 
and energy optimization were performed by using the program Moloc (Gerber and Muller 1995) C-alpha positions 
were kept fixed except for new insertions/deletions and in loop regions distant from the active s.te 
[0044] Only small differences of the modelled structures to the original crystal structure couid be observed in externa! 
loops Furthermore the different substrate molecules that mainly occur C n the degradation pathway of phytic acid (myo- 

55 inositol -hexa kisphosphat e i by Pseud omonas sp> bacterium phytase and as far as determined by A ntger NRRL 31 35 
phytase (Cosgrove 1980) were constructed and forged into the active site cavity of each phytase structure Each of 
these substrates was oriented in a hypothetical binding mode proposed tor histidine acid phosphatases (Van Etten 
1 962) The scisstle phosphate group was oriented towards the catalytically essentia! His 59 to form the covalent phos- 



BNSOOCtO <€P 0eS796SA2 I _ 



EP 0 897 985 A2 



phoen/yme intermediate The oxygen of the suostralo ohosphoosler bond whicti wi I bo prolonalec by Asp 339 rifler 
cleavage oi on 1,-1 led towdfdb the photon denoi Co r lion natky lai e ,ixati on cjf the remaining M r uclui al part of tho 

substrates as well as 'fie soioundinq active s>te residues Wris performed by energy optimization with the program 
Moloc 

^ [0045] Based on the structure models the residues oomtmg into the active sile cav ty wee identified More than h.ilt 
(60' J ..) of these positions were idcntica between these three phytases whereas only *cw pos. lions were net consorvoc 
(see Figure 1 ) This observation could be extended to four additional phytase sequences (A ntdulans A torrous 9A 1 
Tainromyccs the; mophtlus . Mycoltophtho/a theimophila) 

'0 Ex.iinp e 1 

Alignment of tho ammo ac.d sequence of the fungal phytases 

[0046] The alignment was calculated using the program PILELR from the Sequence Analysis Package Release c C 
'5 (Devereux et al . 1984) with the standard parameter (gap creation penalty 12 gap extens'on penalty 4) The location 
of the gaps was refined using a text editor The following sequences (see Figure 1 ) without the signal sequence were 
used for the performance ol the alignment starting with the amino acid (aa) mentioned below 

phyA gene from Aspergillus terreus 9A-1 aa 27 (Mitchell et al . 1 997} 
20 phyA gene from Aspergillus terreus cbs116 45 aa 27 (van Loon et 3 1 . 1 997) 

phyA gene from Aspergillus ntgervar awamori, aa 27 (Piddmgton et al . 1993) 
phyA gene from Aspergillus niger J2^ 3 aa 27 

phyA gene from Aspergillus mger strain NRRL3135 aa 27 (van Hartmgsveldt et al . 1993) 

phyA gene from Aspergillus fumigatus ATCC 13073 aa 26 (Pasamontes et al . 1997) 
*5 phyA gene from Aspergillus fumigatus ATCC 32722 aa 26 (van Loon et al , 1997) 

phyA gene from Aspergillus fumigatus ATCC 58128 aa 26 (van Loon et al , 1 997 i 

phyA gene from Aspergillus fumigatus ATCC 26906 a a 26 (van Loon et al . 1 997) 

phyA gene from Aspergillus fumigatus ATCC 32239 aa 30 (van Loon et al . 1 997) 

phyA gene from Aspergillus rvduiar:s, aa 25 (Roche Nr R1288 Pasamontes et al , 1997a) 
JO phyA gene from Talaromyces thcrn)ophilus ATCC 20186 aa 24 (Pasamontes of al . 1997a; 

phyA gene from Mycehophthcra thermophiia, aa 19 (Mitchell et al , 1997) 

[0047] Table 2 shows the homology o f the phytase sequences mentioned above 
^ 5 Example 2 

Calculation of the amino acid sequence of fungal consensus phytases 

[0048] Using the refined alignment of Example 1 as input, the consensus sequence was calculated by the program 
-*o PRETTY from the Sequence Analysis Package Release 9 0 (Devereux et al . 1984) PRETTY prints sequences with 
their columns aligned and can display a consensus sequence for the alignment A vote weight that pays regard to the 
similarity between the amino acid sequences of the phytases aligned were assigned to all sequences The vote weight 
was set such as the combined impact of all phytases from one sequence subgroup (same species of origin but different 
strains) e g the amino acid sequences of all phytases from A fumigatus, on the election was set one that means 
that each sequence contributes with a value of 1 divided by the number of strain sequences (see Table 1) By this 
means it was possible to prevent that very similar amino acid sequences e q of the phytases from Different A fumi- 
gatus strains dominate the calculated consensus sequence 

[0049] The program PRETTY was started with the following parameters The plurality defining the number of votes 
below which there is no consensus was set on 2 0 The threshold which determines the scoring matrix value below 
so which an ammo acid residue may not vote for a coalition of residues was set on 2 PRETTY used the PrettyPep Cmp 
consensus scoring matrix for peptides 

[0050] Ten positions of the alignment (position 46 66 82 138 162 236 276 279 280 308 Figure 1) for which 
the program was not able to determine a consensus residue were filled by hand according to the following rules if a 
most frequent residue existed this residue was chosen (136 236 280) if a prevalent group of chemically similar or 
55 equivalent residues occurred the most frequent or. if not available one residues of this group was selected (46 66 
82 162 276 308) If there was ether a prevalent residue nor a prevalent group one of the occurring residues was 
chosen according to common assumption on their influence on the proteir stability '.2/9) Eight other positions (1 32 
170 204 211 275 317 384 447 Figure 1 ) were not filled with the amino acid restdue selected by the program but 
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this corrections u ,iaco ^rnnn^rir seauence to Ihc phytase 

[0051] Table 3 shows the homology of the calculated fungal consensus phytase a,r,no ac,c seque 

sequences used for the calculation 



20 
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Example 3 

reversion of the tnnnal consensus pr y— *m,nn ™* sequence lo a DNAsofluonco 

^ c ^ a ,o„«,crbs1l6 46 phytase were used as signal peptide and theiefore 
[0052] The t.rst 26 ammo ac,d rescues ^ A J^ eUS ^l^ * ve used a specia | method to calculate the corre- 
tused to ,he N-terminus of all ^^^^^Z ^^ of rare codons ,n a gene has an ,n„uence 
spondtng DNA sequence Purvis e' al ( ^ f dls ,r,but,on o. rare codons in the s.gnai sequence of A 

on the foldmg efficiency of the protein Therefore at least the dis riout o imp0 rtant for secretion of the 

into a DNA sequence 

[0053] The resulting sequence of the fcp gene are shown in Figure 
Example 4 

Construction and cloning of the fungal consensus p hytase genes 

Saiga* CS-ze„and) and oMa.ned .n a PAGE-punl.ed Com. ,E f |he ,„„„ Fot P0 R 

,2 2, wL, P „P^ «. CM „ CP« ,0 2 PM*, Pe. -* — 

nucleotide) Additionally four short primers were used m the PCR reactions 

CP-a: £co RI 

5 -TAT ATGAATTCA TGG GCG TGT TCG TC-3' 



50 



55 



CP-b: 



CP-c. 



5--TGA AAA GTT CAT TGA AGG TTT C-3' 



5 -TCT TCG AAA GCA GTA CAA GTA C-3 1 
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CP-t?: Eco RI ' 

■V-TAT ATO AAT TCT TAA GCG AAA 0-3 



PGR reaction </ 10 til Mix 1 (2 0 pmol of each oligonucleotide) 

2 pi nucleotides ( 10 mM each nucleotide) 
p! primer GP-a ( 1 0 prrol<pl) 

ft> ;"' pi primer GP-r (10 pmol/pl) 

10 0 pi PC R b Jtfei 
0 75 pi polymerase mixture 
73 25 pi H 2 U 

'5 PGR reaction b 10 pi Mix 2(2 0 pmol of each oligonucleotide) 

2 pi nucleotides (10 mM each nucleotide) 
2 pi primer CP-b (10 pmol/pl) 
? pi primer CP-e (10 pmol/pl) 
10 0 pi PGR buffer 

20 0 75 pi polymerase mixture (2 6 U) 

73 25 pi H 2 Q 



Reaction conditions for PCR reaction a and b step 1 2 mm - 45°G 

step 2 30 sec - 72° C 
step 3 30 sec - 94° G 
step 4 30 sec - 52° G 
step 5 1 mm - 72°C 



Step 3 to 5 were repeated 40-times 

JO 

[0057] The PCR products (670 and 905 bp) were purified by an agarose gel electrophoresis (0 9% agarose) and a 
following get extraction (QIAEX tl Gel Extraction Kit Giagen Hilden Germany) The purified DNA fragments were 
used for the PCR reaction c 



35 PCR reaction c 



40 

Reaction conditions for PCR reaction c 



45 



6 pi PCR product of reaction a (-=50 ng) 

6 pi PCR product of reaction b (^50 ng) 

2 pi primer CP-a (10 pmol/pl) 

2 pi primer CP-e (10 pmol/pl) 

10,0 pi PCR buffer 

0 75 pi polymerase mixture {2 6 U) 

73 25 pi H 2 0 

step 1 2 mm - 94° C 

step 2 30 sec - 94° C 

step 3 30 sec - 55°G 

step 4 1 mm - 72°C 



Step 2 to 4 were repeated 31 -times 



[0058] The resulting PCR product (1 4 kb) was purified as mentioned above digested with Eco Rl and ligated in an 
Eco Rl-digested and dephosphorylated pBsk(-)-vector (Stratagene La Jolla CA USA) 1 pi of the ligation mixture was 
used to transform E coif XL-1 competent cells (Stratagene La Jolla CA USA) All standard procedures were carried 
out as described by Sambrook et al (1987) The constructed funqal consensus phytase gene (fcp) was verified by 
sequencing (plasmid pBsk-fcp) 



55 
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E x.m ip e 5 

Exp'essmri of Tti e tufK] il consensus pnyUisc gene /cp nnd ts v-m,mt. ? n 6 > cos re'-o : 'tie " 

put hoiMo^ f<om ;ultufe super n.-dnr il 

[0059] A tunq.il conscnsuL, phytase qeno was isolated trcm the piasmid pBsk fcp ! gateo mi a !'ic fee- Rl sites of the 
expression cassette o! the Sscchsi omycos corov'sise expression vector p*'F^2 dr nitrogen San Dicqo CA USA ) or 
subcloned between the sho'toncc GAPFL i qlycor aldnyde 3-phosphate de hyureqonaso ) proncior and the phoS ter- 
minator as desc r bed by JVines ct si i 1 C ^0) The • ornv or icrVation o! tne gene was checked t: y FOR Trans'ormation 
ot S ee/o^s^o strains e q INVSd ( Invilr oqon San Diego CA t ! c A j whs c or e ,-mr - )( dm j to H .r men r/ . ,/ n Ci 7?i 
Single colonies harbor nq the phyta=,e gene unco- the contiol of the GAPF promoter wore coked nn:j cultivated \r 5 
ml select ion -Tied i urn <SD-uihciI Sherman of c -n . 1966) at 30 ; C unci or vigorous shaking (250 romp for one day The 
pieculture whs Ihon added :o 500 ml y'PO medum (Sncim^.r ct si 1 G r6; .-nd grown on;. - • Same conditions 
J r duchon oi the qa// promote whs done according to manufacturer's , est ruction After tour day- 1 incubation eel broth 

'5 was centnluqcd (7000 rpm GS3 rotor 15 mm 5°C) to remove the cells and the super n< itant was c oncentratod ty way 
of ultrafiltration m Amicon 6400 ceils <PM30 membranes) nnd ult-afree-15 cemrrugal filter devices (Bomax-30K fVil- 
hporc Bedford MA USA) The concentrate ( 1 0 ml) whs desaltec on a 40 ml Sephadex G25 Superfine column ■ Phar - 
rnacia Biotecn Freiburg Germany) with 1 0 mM sodium acetate pH 5 0 serving as efution buffer The desalted sample 
was brought to 2 M (NH 4 ) 2 S0 4 and directly loaded onto a i ml Butyl Sepharose 4 Fast Flow hydrophobic interaction 

~o chromatography column (Pharmacia Biotech Feiburg Germany) which was eluted with a linear gradient from 2 M to 
0 M (NH4t,S0 4 in 1 0 mM sodium acetate pH 5 0 Phytase was eluted in the break-through concentrated and loaded 
on a 120 ml Sephacryl S-300 gel permeation chromatography column (Pharmacia Biotech Freiburg Germany) Fungal 
consensus phytase and fungal consensus phytase 7 eluted as a homogeneous symmetrical peak and was shown by 
SDS-PAGE to be approx 95% pure 

Example 6 

Expression of the fungal consensus phytase genes fcpanc its variants in Hsnscnuts polymorphs 

JO [0060] The phytase expression vectors used to transform H polymorphs, was constructed ty inserting the Eco Rl 
fragment of pBsk-/op encoding the consensus phytase or a variant into the multiple cloning site of the H polymorphs 
expression vector pFPMTl21. which is based on an urs3 selection marker and the EMD promoter Tne 5' end of the 
fcp gene is fused to the FMD promoter the 3' end to the MOX terminator (Gelhssen el si . 1 G 96 EP 0299 103 B) The 
resulting expression vector are designated pFPMTfcpand pBsk" fcp'7 

>5 [0061] The constructed plasmids were propagated in E colt Piasmid DNA was purried using standard state of the 
art procedures The expression plasmids were transformed into the H polymorphs strain RP1 1 deficient m orotidme- 
5'-phosphate decarboxylase (ura3) using the procedure for preparation of competent cells and for transformation of 
yeast as describee in Gelissen et si (1996) Each transformation mixture was plated on YNB (0 14% w/v Difeo YNB 
and 0 5% ammonium sulfate) containing 2% glucose and 1 8% agar and incubated at 37 °C After 4 to 5 days individual 

40 transformant colonies were picked and grown in the liquid medium described above for 2 days at 37 °C Subsequently 
an aliquot of this culture was used to inoculate fresh vials with YNB-medium containing 2% glucose After seven further 
passages in selective medium the expression vector integrates into the yeast genome in multimeric form Subsequent- 
ly mitoticaliy stable transformants were obtained by two additional cultivation steps in 3 ml non-selective liquid medium 
(YPD 2% glucose 10 g yeast extract and 20 g peptone) In order to obtain genetically homogeneous recombinant 

•J 5 strains an aliquot from the last stabilization culture was plated on a selective plate Single colonies were isolated for 
analysis of phytase expression in YNB containing 2% glycerol instead of glucose to derepress the fmd promoter Pu- 
rification of the fungal consensus phytases was done as described in Example 5 

Examp;c 7 

50 

Expression of the fungal consensus genes /cpand its variants in Aspergillus mqci 

[0062] Plasmic pBsk7cp or the corresponding piasmid of a variant of the fcp gene were used as template for the 
introduction of a Bsp HFsito upstream of the s'art codon of the genes and an Eco FV-ste downstream of the stop 
55 codon The Expand'" High Fidelity PCR Kit .Boehrmger Mannheim Mannheim Germany) was used with tne following 
pi imers 



BNSOOCIO <£P 0e«7»e5A2_l > 



11 



EP 0 897 985 A2 



Primer Asp - 1 



Bsp HI 



."'-TAT ATC ATG AGC GTG TTC GTC GTG CTA CTG TTC-3' 



Primer Asp -2 t'ui' cloning of/cp and fcp - 

:T-ACC CGA CTT ACA AAG CGA ATT CTA TAG ATA TAT-5' 

Eco RV 



[0063} The ,act,on was performed as desc r.e d by th e ^JPjo, ThePC^ ^ ^^^due 
a. .he star, codon introduced by pnmer Asp-1 which resulted I in *' c ^ e ™ d , nto , he Nco , 

glycl ne by senne Subsequently, the DNA-.ragmen, was dige s< ed * « h *P^ d ™ s „ e ^ traam of the „s- 
s,,e downstream of the glucoamyfase promoter o Ms pe rg,»us ^^J^^ ^ step £ e genes wefe se . 
porgWus nMns tryptophan C terminator ''^^^ 

quenced to detect P oss,b,e failures Produced I by PGR T^r -'^^ » 0 P rotldine . 5 , phosp ha.e decarboxy.ase 
to the pGLAC vector as descnbed in Example 9 of BP ^™.^™"™ of Asperqllhs „ and expression of the 
gene (P yr4) of Neurospora crassa as a - lec, ™f;^^^^ were purged as 

consensus phytase genes was done as descnbed in EP 684 31 3 me tungai co 



described in Example 5 



40 
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Example S 

Construction of tnute.ns of fungal con sensus phytase 

a „,^r c rt>re>vi*iae or H oolvmorpha. the corresponding expression 
[0064] To construct mutems for expression ,n A n,ger. S cerev ' S '^°'^° y sit ^ irected mutagenesis Mutations 
plasmld containing the fungal consensus phytase gene was _ U8 ed last ^ '^^^ ( £ Jolla . C A USA) 
were introduced using the "quick exchange- sne-directed nr jutegc ncs s krt <r^ a a. 9 < corresponding 

alTnolnTthe art The mutated phytase were verified by sequencing of the complete gene 
Example 9 

n.,., mi n„, im o< me ^ ~ -~< °< 'he .^,».. opunnun .1 ^ W~ and ,,. vanam, 

fungal consensus phytase 1101 fungal consensus phytase 7 1 06b Incubations 
[0066] in case of pHopfmum cun.es purified enzymes were diluted - 10 J^ 3 ^ 0 P mM) ,n a senes of 

were started by mixmg ahquots of the dXuted prote.n w. h an JJ-l^J 1 • * < J^cc/HCI 

SSTe? r : s -rc^ o ; H 5 v 0 v^rss^^. 3 ™ PH - — 

P by tne mixing step Incubations were performed for !5 mm a, 37 °C ^^^"^ assHy mix;ure was replace q 
[0^7] For determination o, the substrate speeches o, ' «^V«^ e ° s t 'w e perl'mL as described above 

by bmwi concentrations o. the respective phosphate compounds ^ ac t v V l ^ts P 
[0068] For determination of the temperature optimum en/ymedOG Ml) and substrate sou 
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T..C .ChCO- M^lCO by .demon o. - o sut s..„.e solu.,on .o the 



JO 



JO 



45 



« , i « w is dOlCi mined . r , ^ , , mQj 3.. m'rodJChon 

,0069, t„c pm op,,,^ o, n,c o ,„-.i ^ ^X^* - ' '~ - - ..mc 

ol oWT ,-,,,.,.,0,-, 0.., PM op,,,™* S h, ■ ■ j 3 , o ■ 1 ^ cxc ,, )0qc O50 G . = *Kcd „ a pH ool-rum ol 

p~ '^r n ?r™£^>^t&£« a, po*, £1 ^ « « .c^e 

U-.c .c,,v,. V .bovc PH o 0 ,,00 r q *, soo F 1 qui c «=■) Espeoal y by ,ho QSOL rru,a,on .ho spoo.ic.y ,or phyta.o ol 
mciOHSO ol tho -.cnv.lv toow pH S 0 isoo Figure .. i t^- y y 

lL , lq .Hl consensus phyHso was d.ashcally ,,-oeasod .sno P.qu.o 6, ; , r ,„,,,., Ih . in , h( , ,„mpo,a.u,r 

[0070] Iho iompnu,u,r ophmum o. fungal consensu, phytic „ , ., _ ^ ■ • TrfQlft 5 H ,., d 

opuml o. tho vHd-.ype Phases .4555 >C> whch w,rs used .ochIcu.o "-on,,n,i. , 

F quio 3'' 

Exnmp c 1 0 

p^^^^^-o m oM.n n pn.ol bv d.tlorontiHl vanning calonnetry .DSCJ 

IcnmcUy was apphed as previously published by Brugger el a/ (1997) ^ l ' 3n ^ ° ■ 

wc ,e uid .or the tests A constant heatingrate of 10 -C^n - q( me , unga , CQnsensu£ 
[0072] Tho determined molting points c early ^» ™ S ™Jl * 7 Fiqure 7 shows , he melting pronle of fungal 

«" — ^ l ° " ' C 
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Table 1 



Aspergillus terreus 9A-1 phytase 


; 0 


50 


Aspergillus terreus cbsl 16 46 phytase 


■ 0 


50 


Aspergillus n/gervar a wamori phytase 


0 


3333 


Aspergillus niger T21 3 phytase 


. 0 


3333 


Aspergillus niger NRRL31 35 phytase 


: 0 


3333 
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Table 1 (contiroed) 



Mb>pU( QlliUi? 1 U 1 1 tlLjcliUti Ml 1 JXJ / -> iJI 1 y InbL 


0 




Aspergillus tumigatus ATCC 32722 ohytase 


0 




Aspergillus fumigntus ATCC 5812? ohytase 


0 




Aspergillus fumtgatus ATCC 26906 ohytase 


0 




Aspergillus funvgalus ATCC 32239 ohytase 


0 


■">'") 


Aspergillus nidulans phylase 


1 


00 


Talaromyces thcrmophilus ATCC 2C186 phytaso 


1 


00 


Mycchophthnm thnrmophtfa phytaso 


1 


0J 



IS 



20 



25 



30 



35 



40 



45 



50 
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Table 2 



% identity 



w 




A 

terreus 
9A-1 


.4. terreus 
cbsll6.46 


A niger 

NRRL 

3135 


A 

fumiga- 
tus 

13073 


A 

nidulans 


T. 

thermo- 
philics 


M. ther- 
mophila 


15 


A terreus 
9A-1 




89.1 


62.0 


60.6 


59.3 


58.3 


48.6 


20 


A terreus 
cbs 


90.7 




63.6 


62.0 


61.2 


59.7 


49.1 


25 


A niger 

NRRL 

3135 


67.3 


68.9 




66.8 


64.2 


62.5 


49.4 


30 


A 

fumiga- 
tus 

13073 


66.1 


67.2 


71.1 




68.0 


62.6 


53.0 


35 


A 

nidulans 


65.0 


66.7 


69.0 


73.3 




60.5 


52.5 


40 


T. 

thermo- 
philics 


63.8 


64.5 


68.9 


68.1 


67.4 




49.8 


45 


M. ther- 
mophila 


53.7 


54.6 


57.6 


61.0 


599 


57.8 





% similarity 



50 

Table 3 



Phytase 


Identity [%] 


Similarity [%) 


A n/gerT213 


76 6 


79 6 


A niger var awamon 


76 6 


79 6 


A n/gor NRRL3135 


76 6 


79 4 
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Tabic 3 ,(cont nuod' 



Phytase 


lacriuiy | o] 


Similarity [°o| 


A ntdulrins 


77 4 


81 5 


A tori&JS 9A-1 


70 7 


74 8 


A teiicus cbsl 16 46 


72 1 


75 9 


A fumtgatus 13073 


80 0 


83 9 


A (umigatus 32233 


78 2 


82 3 


T thcrmophilus 


* 72 7 ' 


76 8 


M thermophilH 


I 58 3 


64 5 



Table 4 

mutation Primer set 



Q50L 



Q50T 



Q50G 



Ssp BI 

o-CAC TTG TGG GGT T TG TAC A GT CCA TAC TTC TC-3" 
5'. GAG AAG TAT GGA CTG TAC AAA CCC CAC AAG TG-3' 

Kpn I 

5--CAC TTG TGG GGT ACC TAC TCT CCA TAC TTC TC-3' 
o-GA GAA GTA TGG AGA GTA GGT ACC CCA CAA GTG-3 



•-CAC TTG TGG GGT GGT TAC TCT CCA TAC TTC TC-3' 
-GA GAA GTA TGG AGA GTA ACC ACC CCA CAA GTG-3' 



Kpnl 

Q50T-Y51N o-CAC TTG TGG GGT ACC AAC TCT CCA TAC TTC TC-3' 

Q 5-.GA GAA GTA TGG AGA GTT GGT ACC CCA CAA GTG-3 

Bsal 

tJ.,0l,Y51N 5 -CAC TTG TGG GGT CTC AAC TCT CCA TAC TTC IM 

5-.GA G.AA GTA TGG AGA GTT GAG ACC CCA CAA GTG-3 



Table 5 



phytase 


temperature optimum 


7m a 


Consensus phytase 
A ntger NRRL31 35 
A fumtgatus 1 3073 
A tor reus 9A-1 
A terreus cbs 


70 °C 
55 9 C 
55°C 
49°C 
45°C 


78 0 °C 
63 3°C 
62 5°C 

57 5°C 

58 5°C 
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Table 5 ( continued ) 



phytase 


tempera! j i ■? oplunum 


Tnv- 


A !:tdLJu-itis 


45 : C 
55 


55 7 ■'C 



Claims 

1 A pi ore-'/; tor the p- operation ct rj conbOfisus protein whoreby such process is char actor i/od by the tollcwmq steps 

a i it least thr oo p-eter ably four ammo ac d sequences ar e al qnod by any standard alignment program Knowr 
m 'he .11' 

b) amino acids at the same position according to such alignment arc compared regarding their evotut-onaty 
similanty by any standard program known in ;hc art whereas the degree of similarity provided by such a 
pmgrarn which dehnes the least similarity of the ammo acids that is used for the detcrmm -tt on of an -immc 
acid of corresponding positions is sot to a less stringent numoor and the parameters arc set m such a way 
that it is possible toi the program to determine from only 2 identical amino acids at a corresponding position 
an amino acid for the consensus protein however if among the compared amine acid sequences are se 
quences that show a much higher degree oi similarity to each other than to the residual sequences these 
sequences are represented by their consensus sequence determined as defined in the same way as in the 
present process for the consensus sequence of the consensus protein or a vote weignt of i divtced by the 
numocr of such sequences is assigned to every of those sequences 

c) in case no common amino acid at a defined position is identified by the program any of the ammo acids 
preferably the most frequent amino acid of all such sequences is selected 

d) once the consensus sequence has been defined such sequence is back translated into a DNA sequence 
preferably by using a codon frequency table of the organism in which expression should take place 

e) the DNA sequence is synthesized by methods known in the art and used either integrated into a suitable 
expression vector or by itself to transform an appropriate host cell 

f) the transformed host cell is grown under suitable culture conditions and the consensus protein s isolated 
from the host cell or its culture medium by methods known in the art 

2. A process as claimed in claim 1 wherein the program used for the comparison of amino acids at a defined position 
regarding their evolutionary similarity is the program "PRETTY" 

3. A process as claimed in claim 1 or 2 wherein the defined protein family is the family of phytases 

4. A process as claimed in claim 3 wherein the phytases are of fungal origin 

5. A process as claimed in any one of claims 1 to 4 wherein the host cell is of eukaryotic origin 

6. A process as claimed in claim 5 wherein eukaryotic means fungal preferably Aspergillus or yeast preferably 
SncchHtomyccs or Hnnscnuln 

7 A consensus protein obtainable prelerably obtained by a process as claimed in any one of claims 1 to 6 

8. A consensus protein which has the amino ac d sequence shown in Figure 2 or any variants or muteins thereof 

9. A rnulcm of :he consensus protein of c:aim S characterized therein that in the ammo acid sequence of Figure 2 
the lollowmq replacen ents have been effected O50L O50T Q50G Q50T-Y51 N or Q50L-G51 N 

10. A food teed or pharmaceutical composition comprising a consensus protein as claimed m any of the c a ins 7 to ° 
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Figure 1/1 



A2 



A . 


c<?:reus 9A- 


1 


A. 


terreus 




A . 


n iger var. 


a wan- 


A . 


myer T 2 1 3 




A . 


niger NRRL 3 


135 


A . 


f un i ga t u s i 




A . 






A. 


funigatus z 


312c 


A . 


Zumgatus c 




A . 


fum i ga c us 3 


22 3 9 


A . 


n iduians 




T. 


chermophi lus 


M. 


chernooh i la 





KhsDC 
NhsD: 
NqsT: 

NqsS : 

GSks: 

GSkS ; 
GSkS: 
GSkS : 
GSkA: 

qnks: 
dsks: 
esrp: 



NSVOh 
TSVI-r 

dtv:-o 

DTVDC 
DTVDQ 
DTVD1 
D7VDI 
DTVD1 

:dtvdl 

DTVEI 
NTADG 

:ntveg 

:DTpDl 



3yccfpelsk 
^yc-cfpelsh 
gyqcfsetsh 
3yqcfsetsh 
jyqcfsetsh 

jYCCsPATSH 
GYQCsPATSH 
jYCCsPATSH 
3YQC5 PATS H 
GYQCsPGTSH 
YQCFPNVSH 
GYQCrPEISH 
GFQCgTAISH 



kWGlYAPYFS 
kWGl YAPYFS 
LWGQYAPFFS 
LWGQYAPFFS 
LWGO YAPFFS 
LWGQYSPFFS 
LWGQYSPFFS 
LWGOYSPFFS 
LWGQYS PFFS 
LWGQYSPFFS 
VWGQYSPYFS 
SWGOYSPFFS 
FWGQYSPYFS 



LQDESPFPlD 
LQDESPFPlD 
LANESAISPD 
LANESVISPD 
LANES V I S PC 
LEDE1SVSSK 
LEDE1SVSSK 
1EDE1SVSSK 
1EDE1SVSSK 
LEDE1SVSSD 
IEQESATSeD 
LADQSEISPD 
VpSElDaS . . 



VPEDCh 
VPDDCh 
VPAGCr 
VPAGCr 
VPAGCr 
LPKDCr 
LPKDCr 
LPKDCr 
LPKDCr 
LPKDCr 
VPHGCe 
VPQNCk 
IPDDCe 



ITFV 
I T FV 
VTFA 
VT FA 
VTFA 
TTLV 
ITLV 
ITLV 
ITLV 
VTFV 
VTFV 
ITFV 
VTFA 



Consensus 
Consensus phytaae 



NSHSCDTVDG GYQCFPEI5H LWGQYSPYFS LEDESAISPD VPDDC-VTFV 
NSHSCDTVDG GYQCFPEISH LWGQYSPYFS LEDESAISPD VPODCRVTFV 



51 IOC 

A . terreus 9A-1 QVLARHGARs PThSKt KAYA At IAAIQKSA Ta FpGKYAFL QSYNYSLDSE 

A. terreus cbs QVLARHGARs PTDSKt KAYA At IAAIQKNA TaLpGKYAFL KSYNYSMGSE 

A . niger var. d^/rori QVLSRHGAPY PTESKgKkYS ALIEEIQQNV TtFDGKYAFL KTYNYS LGAD 

A. niger T213 QVLSRHGA? Y PTESXgKkYS ALIEEIQQNV T t FDGKYAFL KTYNYS LGAD 

A . niger NRRL313S QVLSRHGAPY PTDSKgKkYS ALIEEIQQNA Tt FDGKYAFL KTYNYS LGAD 

A . fumigatus 13073 QVLSRHGAPY PTSSKsKkYK kLVTAIQaNA TdFKGKFAFL KTYNYTLGAD 

A . fumigatus 32722 QVLSRHGAPY PTSSKsKkYK kLVTAIQaNA TdFKGKFAFL KTYNYTLGAD 

A. fumigatus 58128 QVLSRHGAPY PTSSKsKkYK kLVTAIQaNA TdFKGKFAFL KTYNYTLGAD 

A. fumigatus 26906 QVLSRHGAPY PTSSKsKkYK kLVTAIQaNA TdFKGKFAFL KTYNYTLGAD 

A . fumigatus 32239 QVLSRHGAPY PTASKsKkYK kLVTAIQECNA Te FKGKFAFL ETYNYTLGAD 

A. nidulans QVLSRHGAPY PTESKsKAYS GLIEAIQKNA TsFwGQYAFL ESYN YTLGAD 

T. chermophilvs QLLSRHGAPY PTSSKtElYS QLISr IQKTA TaYKGyYAFL KDYr YqLGAN 

M . thermophila QVLSRHGARa PTIKRaaSYv DLIDrlHhGA I s Yg ?g YEFL RTYDYTLGAD 

Consensus QVLSRHGAPY PTSSK-KAYS ALIEAIQKNA T - FKGKYAFL KTYNYTLGAD 

Consensus phytase QVLSRHGAPY PTSSKSKAYS ALIEAIQKNA TAFKGKYAFL KTYNYTLGAD 



101 150 

A. cerreus 9A-1 ELTPFGrNQL rD iGaQFYeR YNALTRhlnP FV RAT DAS RV hESAEKFVEG 

A. terreus cbs NLTPFGrNQL qDlGaQFYRR YOTLTRhlnP FVPAADSSRV hESAEKFVEG 

A . niger var. awair.ori DLTPFGEQEL VNSGIKFYQR YESL7RNI I P FIB.SSGSSRV I ASGEKFI EG 

A. niger T213 DLTPFGEQEL VNSGIKFYQR YESL7RNI I P FIPSSGSSRV I ASGEKFIEG 

A. niger NRRL313^> DLTPFGEQEL VNSGIKFYQR YESLTRN I VP FIPSSGSSRV IASGKKFIEG 

A. fumigatus 130 7 3 DLTPFGEQQL VNSGIKFYQR YKALARSVVP FIRASGSDRV I ASGEKFI EG 

A. fumigatus 32722 DLTPFGEQQL VNSGIKFYQR YKALARSVVP FIRASGSDRV I ASGEKFIEG 

A . fumigatus 58128 DLTPFGEQQL VNSGIKFYQR YKALARSVVP FIRASGSDRV I ASGEK F I EG 

A. fumigatus 26906 DLTAFGEQQL VNSGIKFYQR YKALARSVVP FIRASGSDRV I ASGEKFIEG 

A. fumigatus 32239 DLTPFGEQQM VNSGI KFYQK YKALAgSWP FIRSSGSDRV " ASGEKFI EG 

A. nidulans DLTi FGENQM VDSGaKFYRR YKNLARKnTP FIRASGSDRV VASAEKFING 

T. thermophilus DLTPFGENQM IQ1GI KFYnH YKSLARNaVP FVRCSGSDRV TASGrlFIEG 

M. thermophila ELTRtGQQQM VNSGIKFYRR Y RALARKs 1 9 FVRTAGqDRV VhSAENFTCG 

Consensus DLTPFGENQM VNSGIKFYRR YKALAPK- VP FVRASGSDRV I ASAEKFIEG 

Consensus phytaa« DLTPFGENQM VNSGIKFYRR YKALARKIVP FIRASGSDRV I ASAEKFIEG 
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Figure 1/2 

2 o o 

FINAFqGDFr. ANu-fv'IF^F: I 7 7 I PEG™ AY NN7'. FH7 I '27 A;2A. . .STY 

A . ° i r T 2 1 1 r _■ c T X LkLVr A J p 7 G 2 2 F k I D V */ I 2 E A 3 3 s N N 7 L 2 r G 7 7 7 V r F 2 . . . .-: -- 1 

A. n;:or MR? LJ 135 FG3T:<L>:DP: AqpqCYSPkl DV7I3FA33s M'i7L7GGT77 VLL2...2EE 

a. :u.'i)i;,'^ :30^3 ro-AK'AnrG a.tspaapa; gy : i -- :f nm7l:-.gvc7 kfea. . 

A fn^ij-^ F^AKI.Ar^: A.TA3A?A: o/ir?F2F~2 ^722^:7 — k FF.A . . . 3 j _ 

A. :j:r.-)i'.-> Jr^'^"- F 7LAI3FG A . : 7 .-GAG A; 37 1 I l-LGETF NN7LC K 3 7*C7 >.FEA. . . 3IL 

v. cr^r^pnG, F~3A;2A3F3 37 v FP 71 t / rY/7 ; F £7 AG s NNT LPGJDiCT AFEL ijpyGT I 

Co-.sppsms FG2AKLA2GG 3-FHGA5F7I I PE33C-Y :;t:7L3H3T7T AFE:---3EL 

Consensus phytase FQSAKLADPG SQPHQASPVI DVUPEGSGY NNTLDHGTCT AFED . . SEL 
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Figure 1/3 
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Consensus phytase 



3 ! : 373 I FWA 3 3 3 ": 3 : 3 T A ? 3 3 qT 3 V F 3 V 3 Q T 3 G 7 AAAW T 7 ? F A_A^A : - 

333V^7 7WAL GLYNG7 ?LG qTTVFDITrT 3'GYAAAWTYP F AA? A3: I EMr, 
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Figure 1/4 
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Fipure 2/1 
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Figure 2/2 
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Figure 2/3 
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Figure 3 
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Figure 6 
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